The lymphatic drainage of the peritoneal cavity has been investigated by intraperitoneal inoculation of an intracellular bacterium (Listeria monocytogenes) and an inert marker (Indian ink). The results reveal that both agents are transported, either after phagocytosis by intraperitoneal macro phages or in suspension in the lymph, towards the cranial sternal lymph nodes (Lymphonodi sternales craniales) of the ventral thoracic Iymphocentrum (Lymphocentrum thoracicum ventrale) and to the lymph nodes of the mediastinallymphocentrum (Lymphocentrum mediastinale), prior to systemic dissemination. This mechanism of peritoneal lymph drainage has relevance on experimental studies involving the inoculation of pathogens, and on the investigation of metastatic diffusion of neoplasms from the peritoneum.
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The murine model is widely used in experimental studies with different infectious agents or in pharmacological toxicology. The intraperitoneal route is one of the most frequently used for these purposes. There is, however, verylittle information concerning the form of transportation or initial dissemination of live or inert agents after their introduction into the peritoneal cavity.
Preliminary results of the work in our laboratory on experimental murine listeriosis showed that Received 7 May /991; accepted 9 December 1991 after intraperitoneal inoculation of L. monocytogenes, the earliest organs to be affected, and those in which the greatest number of bacteria were detected, were the lymph nodes of the mediastinallymphocentrum.
In order to study the drainage of the peritoneal cavity, we injected L. monocytogenes, an intracellular bacterium, and Indian ink, a colloidal carbon suspension which is readily phagocyted by cells of the mononuclear phagocytic system (MPS). The study examined the transport process and initial dissemination of the two agents in the first 48 h post inoculation (p.L).
Materials and methods

Animals
Conventional male and female Swiss albino mice weighing 18-20 g at the time of experiment were purchased from Interfauna (Barcelona, Spain). Two separate groups were established. The first group (14 mice) was used in the L. monocytogenes experiment; the second group (14 mice) served for the experiment of Indian ink.
Experimental procedure
Inocula. L. monocytogenes NTCT 10527 serotype 4b strain was used in this experiment. The inoculum for injection was prepared by growing the organism on Brain Heart Infusion (BHI) Agar (Difco). The number of bacteria was calculated by viable counts of serial dilutions on BHI Agar, and each animal was inoculated with 1. 2 x 10 6 viable listeriae. Suspensions were prepared in sterile O·96,10 saline, and mice were Necropsy. Two mice of each group were killed by cervical dislocation every 8 h (beginning at 4 h p.L). Samples of liver, spleen, kidney, brain, thymus, pancreas, adrenal gland, uterus, ovary, Peyer's patches, and jejunal, maxillary, gastric and mediastinal lymph nodes were processed following routine histopathological procedures, or processed for immunocytochemistry by the peroxidase-anti peroxidase (PAP) technique for demonstration L. monocytogenes-Ag as previously described (Domingo et al., 1986) . For nomenclature of the murine lymph nodes we have followed the Nomina Anatomica Veterinaria (1983) .
Results
Experimental infection with L. monocytogenes
After intraperitoneal inoculation with this bacterium, the first organs showing an intense anti-L-monocytogenes immunoperoxidase (IP) reaction were the mediastinal lymph nodes (Table 1) . The presence of L. monocytogenes-Antigen (Ag) was accompanied by a varying degree of inflammatory reaction. These inflammatory lesions, profusely distributed in the subcapsular sinus, and in the cortical and medullary sinuses of the lymph nodes, were initially (4-12 h p.i.) characterized by the presence of numerous macrophages (MOs) and neutrophils (PMNs) containing intracytoplasmic L. monocytogenes-Ag (Fig. 1 ). Lymphoid cells adjacent to the medullary sinuses of these lymph nodes showed no alterations at this early stage.
The degree of IP reaction rose progressively from 24 h p.i. onwards, and increasing involvement of the entire lymph node was seen. Simultaneously, the severity of the lesions also gradually increased, giving rise to a mixed lymphadenitis in which MOs and PMNs were the predominating inflammatory cellular elements. In the most serious cases, these lesions were mainly of a necrotic nature, and coincided with a massive lymphoid depletion (from 48 h p.L).
Although at 4 hpj. the presence of listerialaden macro phages was evident in the media- seen in these abdominal lymph nodes chiefly involved areas of the paracortex adjacent to the high endothelial venules (REVs) rather than the subcapsular and medullary sinuses.
As to other organs, the presence of L. monocytogenes-Ag could be detected in the cytoplasm of some MOs of the splenic marginal zone and in Kupffer cells of the liver as early as 4 h p.i. Nevertheless, in contrast to the findings in the mediastinal lymph nodes, in these organs the IP reaction was extremely sparse and could only be detected by observation with an oilimmersion lens (x 100) at this post-infection period. In addition, it is interesting to note that during the first 20 h p.L, the presence of these bacteria in MPS cells of the spleen and liver was not associated with the existence of inflammatory lesions in these organs. These lesions became evident from 36 h p.i. (Table 1) .
Intraperitoneal injection of Indian ink
In this experiment, aggregates of Indian ink were seen macroscopically at 4 h p.i. on the surface of the serous peritoneal membranes and the abdominal organs. The abdominal lymph nodes showed, however, no evidence, either macroscopic or microscopic, of internal uptake of the marker. At this same p.i. time, multiple lymphatic capillaries draining Indian ink were visible on the abdominal surface of diaphragm. This capillary plexus joined then in two lymphatic vesselswhich penetrate into the thorax at the level of the oesophageal hiatus. Once in the thoracic cavity they run ventrally to the Regio sternalis and become then evident on either side of the sternum, draining Indian ink towards the cranial sternal lymph nodes of the ventral thoracic lymphocentrum (Fig. 2) . From there, the efferent lymph flowed towards the lymph nodes of the mediastinic lymphocentrum, which showed the same evident blackening as did the cranial sternal lymph nodes. The histological examination revealed the presence of Indian ink both inside thoracic lymphatic vesselsand in subcapsular and medullary sinuses of the mediastinal lymph nodes (Fig. 3 ). In addition, Kupffer cells and MOs of the splenic marginal and red pulp zones contained phagocyted particles of the inert marker in their cytoplasm as early as 4 h p.i. (Table 1 ).
Discussion
The intraperitoneal route is widely used in experimental studies with murine models. These studies comprise a wide variety of investigations, as experimental infections with various pathogens (Blanden et al., 1969; Vuopio Varkila, 1987; Marco et al., 1991) , drug absorption and kinetics (Price et al., 1989) , or studies on the role of lymph nodes and lymphatic vessels in the metastatic diffusion of neoplasms (Tachibana & Yoshida, 1986) .
In this study we provide evidence, by the use of an inert marker (Indian ink) and of an intracellular bacterium (L. monocytogenes), that lymphatic drainage of the peritoneal cavity takes place towards the lymph nodes of the ventral thoracic and mediastinallymphocentri, prior to systemic dissemination throughout the organism. In these experiments we have shown that the mediastinal lymph nodes are the first organs to show anti-L. monocytogenes IP reaction and evident inflammatory lesions in experimental murine listeriosis by the intraperitoneal route. Numerous phagocytic cells containing intracytoplasmic L. monocytogenes-Ag, distributed mainly in the subcapsular sinus and in the cortical and medullary sinuses, are found in these lymph nodes from 4 h p.i. on. This pattern of involvement is consistent with the access of antigens to the lymph nodes through the afferent lymphatic circulation (Sainte-Marie & Peng, 1986; Marco et al., 1991) . In contrast, lesions observed in other lymph nodes appeared later and involved the paracortical area, a fact which is more suggestive of a bloodborne origin than of lymphogenous dissemination of the bacterium (Marco et al., 1991) .
Direct flow of lymph from the peritoneal cavity to the ventral thoracic and mediastinal lymphocentri has also been reported in the rat (Hebel & Stromberg, 1976) . Flow of peritoneal lymph to the ventral thoracic lymphocentrum has also been demonstrated in the dog (Higgins & Graham, 1929) , cattle (Baum, 1912) and swine (Baum & Grau, 1938) .
Under normal conditions, the peritoneal cavity contains a large population of resident Mas. Our results may suggest the participation of the peritoneal Mas during the early phase of the spread of intraperitoneal infection with L. monocytogenes.
These
Mas-and perhaps also PMNscontaining intracytoplasmic L. monocytogenes, might migrate along the afferent lymphatic vessels towards the ventral thoracic and mediastinic lymphocentri, giving rise to inflammatory lesions in the corresponding lymph nodes. It should be emphasized that inflammatory lesions with positive IP reaction have also been seen on occasions in the pleural, pericardial or mediastinal serosae in these experiments, and in our opinion these serositis would be a consequence of the lymphatic drainage from abdomen to thorax. According to this viewpoint, the inflammation would then have spread from the affected lymph nodes, or from the afferent and efferent lymph vessels serving these lymph nodes, to the serosae of the adjoining organs such as the thymus, heart, lungs, etc.
However, the possibility of free circulation of intraperitoneally inoculated bacteria in the lymph, and not necessarily phagocyted by the peritoneal Mas or PMNs, should not be excluded. This would mean that these bacteria could easily reach the blood stream, and would provide an explanation of why L. monocytogenes cells can be found in the hepato-splenic MPS cells as early as 4 h p.i. without the simultaneous presence of inflammatory lesions in these organs. Other authors have found considerable numbers of L. monocytogenes in the spleen and liver as soon as 10 min after intraperitoneal inoculation (Selbitz et al., 1986) , even before the possible initiation of a peritonitis which would allow direct access of L. monocytogenes to the blood stream. In fact, in our experiment with Indian ink, the colloidal carbon particles were able to circulate, either as free bodies in the lymph or phagocyted by the peritoneal Mas, and they were found at 4 h p.i. in Kupffer cells and Mas of the marginal zone of the splenic white pulp.
In conclusion, the results obtained in this study indicate that in the mouse, both intracellular pathogens and inert substances can be rapidly and passively transferred from the peritoneal cavity to the ventral thoracic and mediastinallymphocentri before systemic dissemination. Transport may be effected as free bodies in the afferent lymph or carried within peritoneal phagocytic cells. These results should thus be borne in mind when using the intraperitoneal inoculation route, due to their clinical significance and to their repercussions on the development of experimental infections with diverse pathogens and on the progression of possible tumoral metastases. 
